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(54) Device and method for cool-drying 

(57) The invention relates to a device for cool-dry- 
ing., comprising a heat exchanger (1), the primary part 
of which is the evaporator (2) of a cooling circuit (3) 
which further comprises a compressor (5) driven by an 
electric motor (4) being bridged-over by means of a by- 
pass (17) with therein a bypass-closing element (18) 
and an open/closed closing element (19). The second- 


ary, part (1A) of the heat exchanger (1) forms part of a 
conduit (9) for the gas and, at the outlet of this heat ex- 
changer (1), a liquid separator (11) is disposed. The de- 
vice comprises means (15) for regulating the speed of 
the motor (4), which means are controlled by means of 
a control device (1 6) in function of the value measured 
by the measuring means (22,22A). 
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Description 

[0001] This invention relates to a device for cool-dry- 
ing comprising a heat exchanger, the primary part of 
which is the evaporator of a cooling circuit which further 5 
comprises a compressor driven by an electric motor, a 
condensor, an expansion means between the outlet of 
the condensor and the inlet of the evaporator, a control 
device for controlling said motor and measuring means 
coupled thereto, whereby the compressor is bridged- io 
over by a bypass with therein a bypass-closing element 
and an open/closed closing element, whereas the sec- 
ondary part of the heat exchanger forms part of a conduit 
for the gas and whereby, at the outlet of said heat ex- 
changer, a liquid separator is disposed in said conduit, is 
[0002] Amongst others, such devices are used for 
drying compressed air. 

[0003] Compressed air delivered by a compressor in 
most cases is saturated with water vapour or, in other 
words, has a relative humidity of 1 00%. This means that 20 
condensation will occur with the least drop of tempera- 
ture. Due to the condensation water, corrosion will occur 
in conduits and instruments and the devices will show 
a premature wear and tear. 

[0004] Therefore, the compressed air is dried, which 25 
can be performed in the aforementioned manner by 
means of cool-drying. Also, other air than compressed 
air or other gases may be dried in this manner. 
[0005] Cool-drying is based upon the principle that by 
lowering the temperature, moisture condenses from the 30 
air orthe gas, after which the condensation water is sep- 
arated in the liquid separator and after which the air or 
the gas is reheated, as a result of which said air or said 
gas no longer is saturated. The heat is removed from 
the evaporator by means of the cooling circuit. 35 
[0006] The same is valid for other gases than air and 
each time reference is made to air in the following, the 
same is also valid for other gases than air. 
[0007] In practice, there is an ISO standard which de- 
termines which can be the dew point and the corre- *o 
sponding lowest air temperature for reference condi- 
tions. 

[0008] In order to prevent that the lowest air temper- 
ature becomes smaller than 0°C and, as a result, the 
evaporator would freeze up due to freezlng-on moisture, 
it is a necessary requirement that the evaporator tem- 
perature is higher than 0°C. 

[0009] In order to fulfil this requirement, the measur- 
ing means can be provided at the inlet of the evaporator 
and can measure the evaporator temperature, whereas so 
the control device switches the motor of the compressor, 
which motor is driven at a constant frequency, on and 
off in function of said temperature. If this evaporator tem- 
perature drops too low, said motor is stopped. If the 
evaporator pressure subsequently rises too high be- 55 
cause the expansion valve still is open : the motor is re- 
started. 

[0010] Such regulation, however, is very disadvanta- 


2 * 

geous in consideration of the fact that, with a small load, 
the compressor is switched on and off continuously, 
whereas also the evaporator pressure and the dew 
points strongly vary. Moreover, the condensation dryer, 
has to be constructed rather large. 
[0011] The measuring means can also be provided at 
the outlet of the secondary part of the heat exchanger 
and can measure the lowest air temperature (LAT), 
whereas the control device, if the temperature in the 
evaporator tends to drop below 0°C, switches off the 
motor of the compressor of the cooling circuit. 
[0012] In both kinds of devices, the regulation thus is 
performed by switching the motor on and off, which, es- 
pecially with a small load, will happen often, which caus- 
es considerable wear and tear of the compressor and is 
disadvantageous. 

[0013] This disadvantage is avoided by a device as 
described in the first paragraph, in which the compres- 
sor is bridged-over by a bypass. 

[0014] Such cool-drying device with bypass is de- 
scribed in DE-A-35.22.974. 

[0015] The motor is fed with a constant frequency, but 
is switched on and off by means of a control device 
formed by a pressure switch, in function of the pressure 
of the cooling fluid measured between the heat ex- 
changer and the compressor. 

[0016] When the pressure in the suction conduit of the 
compressor drops below a certain value which, for ex- 
ample, corresponds to a temperature of the cooling fluid 
of -15*C, the motor is switched off, as a result of which 
an excessive temperature drop in the suction conduit is 
avoided. 

[0017] In order to improve the efficiency of the device, 
the compressor is bridged-over by a bypass in which, 
apart from the classic bypass-closing element, also a 
controlled on/off closing element is disposed. 
[001 8] The bypass-closing element is of a known type 
which is pushed open when the pressure in the bypass 
at the side of the inlet of the compressor drops below a 
certain settable value, as a result of which hot gases are 
suctioned from the compressor. 
[0019] Said closing element and the set pressure, 
whereby the spring no longer keeps the closing element 
shut, are chosen such that with nominal operating con- 
ditions of the cooling circuit, the closing element is 
closed, but with partial and zero load of the compressor, 
this closing element is open : such that the evaporator 
pressure with a hysteresis of 0,2 bar is kept at a mini- 
mum, and such that the evaporation temperature, which 
is coupled to the evaporation pressure of the cooling flu- 
id, downstream of the evaporator is at least 0°C in order 
to prevent the formation of ice in the evaporator. 
[0020] If exclusively the bypass-closing element 
would be present in the bypass, this would result in that 
the compressor remains operating on full load, even 
with zero-load conditions. In consideration of the fact 
that the compressor motor is working continuously, the 
energy consumption even with no or low load therefore 
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is equal to the energy consumption with nominal load 
as the high and low pressure in the cooling circuit are 
continuously kept constant, thus resulting in a relatively 
high energy consumption. 

[0021] By adding an open/closed closing element into 
the bypass conduit, as described in DE -A -35. 22. 974, 
>~ the efficiency of the device is improved. This additional 

open/closed closing element is controlled by a thermal 
switch which is controlled by a temperature measuring 
means which is disposed in the gas conduit, at the outlet 
of the heat exchanger. Said closing element is set such 
that it opens the bypass when the gas temperature at 
the outlet of the heat exchanger is approximately equal 
to the temperature at which the moisture in the gas starts 
to freeze. 

[0022] When the temperature of the compressed air 
at said outlet, for example, is higher than 1 *C, the clos- 
ing element closes off the bypass, and the full cooling 
capacity is led over the evaporator, as a result of which 
the evaporation temperature in the evaporator, at full 
load, drops to -4 to -5°C, and therefore the temperature 
at the outlet will drop. As soon as this latter temperature 
becomes 1°C, the dosing element opens the bypass, 
as a result of which the evaporation temperature in the 
evaporator will rise to, for example, 1 ,5°C, and moisture 
frozen on the evaporator evaporates again. The com- 
pressed air temperature after the evaporator rises 
again, and at, for example, 2°C the closing element 
again closes off the bypass, and the motor can apply its 
entire power on the heat exchanger. 
[0023] In this embodiment, freezing of the evaporator 
can be avoided even if the temperature of the cooling 
fluid temporarily drops below freezing temperature, _ 
such that the condensation-dryer can work with a higher 
load. However, the motor is driven continuously on full 
speed, such that energy consumption remains relatively 
high. 

[0024] The invention aims at a device for cool-drying 
which does not show the aforementioned and other dis- 
advantages and with which in a simple manner, without 
pressure variations in the cooling circuit and without ma- 
jor wear and tear of the compressor and its motor, en- 
ergy saving can be achieved. 

[0025] According to the invention, this aim is realized 
in that the device for cool-drying comprises means for 
regulating the speed of the motor, whereas the control 
device controls these means in function of the value 
measured by the measuring means. 
[0026] Instead of switching the motor on and off, its 
speed is adapted. By increasing the number of revolu- 
tions of the motor, a larger mass flow rate of cooling liq- 
uid can be transferred by pumping and therefore a larger 
cooling capacity can be delivered. 
[0027] By the combination of the bypass with bypass- 
closing element and open/closed closing element with 
speed-controlled compressor, not only the number of 
times the motor is stopped and restarted is significantly 
reduced, but a major energy saving is possible. Other 


advantages thereof will be explained in the following. 
[0028] The aforementioned measuring means can be 
provided at the cooling circuit and can be means for 
measuring the evaporator temperature or evaporation 
5 pressure. 

[0029] Said measuring means, however, can also be 
provided at the conduit for the gas, in or upstream of the 
secondary part of the heat exchanger, and can be- 
means for measuring the lowest gas temperature (LAT) 

10 or can be means for measuring the dew point. 

[0030] Preferably, the means for regulating the speed 
of the motor consist of a frequency transformer. 
[0031] In a particular form of embodiment of the in- 
vention, the cool-dryer comprises means for measuring 

15 the ambient temperature, which means are also coupled 
to the control device, and whereby this control device is 
such that it regulates the speed of the motor in function 
of the value measured by the measuring means as well 
as in function of the temperature measured by the 

20 means for measuring the ambient temperature. 

[0032] The invention also relates to a method for cool- 
drying which, in an interesting manner, uses the device 
according to the invention described in the aforegoing. 
[0033] Said invention thus relates to a method for 

25 cool-drying of gas containing water vapour, whereby this 
gas is fed through the secondary part of a heat exchang- 
er, the primary part of which is the evaporator of a cool- 
ing circuit which also comprises a compressor which is 
bridged-over by a bypass wherein a bypass-closing el- 

30 ement and a controlled open/closed closing element are 
provided and which is driven by an electric motor, acon- 
densor, an expansions means between the outlet of the 
condensor and the inlet of the evaporator, and whereby 
the aforemen-tioned cooling circuit is controlled in func- 

35 tion of the load in such a manner that the cooling capac- 
ity is adapted without creating the formation of ice in the 
evaporator, and which is characterized in that the control 
of the cooling circuit takes place by regulating the speed 
of the motor and, moreover, by regulating the open/ 

40 closed closing element such that, under certain condi- 
tions, it opens the bypass and, as the bypass-closing 
element no longer closes off the bypass, gaseous cool- 
ing fluid is conducted from the outlet of the compressor 
back to its inlet, upstream or downstream of the evapo- 

45 rator. 

[0034] With the intention of better showing the char- 
acteristics of the invention, hereafter, as an example 
without any limitative character, several preferred forms 
of embodiment of a device and method for cool-drying 
so according to the invention are described, with reference 
to the accompanying drawings, wherein: 

figure 1 represents a block diagram of a device for 
cool-drying according to the invention; 
55 figures 2 to 4 represent block diagrams analogous 
to that from figure 1 , however, in respect to three 
other forms of embodiment of the invention. 
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[0035] The device for cool-drying which is schemati- 
cally represented in figure 1 , substantially comprises a 
heat exchanger 1, the primary part of which forms the 
evaporator 2 of a cooling circuit 3 in which, successive- 
ly, also a compressor 5, driven by an electric motor 4, a 
condensor 6 and an expansion valve 7 are disposed. 
[0036] This cooling circuit 3 is filled with cooling fluid, 
for example, Freon 404a, the flow direction of which is 
represented by arrow 8. 

[0037] The secondary part 1 A of the heat exchanger 
1 forms part of the conduit 9 for humid air to be dried, 
the flow direction of which is indicated by arrow 10. 
[0038] After the heat exchanger 1 and, thus, at its out- 
let, a liquid separator 11 is disposed in conduit 9. 
[0039] Possibly, said conduit 9, before reaching the 
heat exchanger 1 , may extend with a portion through a 
pre-cooler or recuperative heat exchanger 1 2 and sub- 
sequently, downstream of liquid separator 11 , again ex- 
lend through the recuperative heat exchanger 12, in re- 
verse flow direction to the aforementioned portion. 
[0040] The heat exchanger 1 is a liquid-air heat ex- 
changer and may form a single constructive unit with the 
possible recuperative heat exchanger 1 2 which is an air- 
air heat exchanger. 

[0041 ] The expansion valve 7 is a thermostatic valve, 
the thermostatic element of which, by means of a copper 
. conductor 1 3, is coupled to a flask-shaped container or 
"bulb" 14 which is provided at the outlet of the evapora- 
tor 2 but, preferably such as represented in figure 1 , at 
the inlet of compressor 5, at the cooling circuit 3 and 
which is filled with the same cooling medium. 
[0042] I n a variant not represented in the figures, said 
expansion valve 7, however, is an electronic valve which 
is coupled to a thermometer provided at the end of the 
evaporator 2 or downstream thereof. 
[0043] In smaller cool-dryers, the expansion valve 7 
may be replaced by a capillary. 

[0044] Compressor 5 is a volumetric compressor 
which, with a same number of revolutions, practically 
delivers a same volume flow rate, for example, a spiral 
compressor, whereas the motor 4 is an electric motor, 
the speed of which can be regulated by altering the fre- 
quency. 

[0045] Therefore, said motor 4 is coupled to a fre- 
quency transformer 1 5 controlled by a control device 1 6 
which is formed by a built-in control device, for example, 
a PID control device. 

[0046] Frequency transformer 15, for example, can 
regulate the frequency between 0 and 400 Hz and forms 
means for regulating the speed of the motor 4. 
[0047] Compressor 5 is bridged-over by a bypass 1 7 
or bridging element connecting the outlet to the inlet 
thereof or, which corresponds thereto, to the outlet of 
evaporator 2. 

[0048] In said bypass 17, a classical bypass-closing 
element 18 is provided, with a valve body which is 
pushed open by a spring as soon as the pressure in by- 
pass 17 drops below a certain value. The counterpres- 
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sure at which the spring pushes open this valve body 
and, thus, the aforementioned pressure, is adjustable. 
[0049] In series with this bypass-closing element 18, 
and actually in between this latter and the outlet of com- 

5 pressor 5, in bypass 17 furthermore an open/closed 
closing element 19 is provided which is formed, for ex- 
ample, by an electromagnetic valve. 
[0050] By means of electric connection 20, said open/ 
closed closing element 1 9 is connected to control device 

10 16 and is controlled by the latter. 

[0051] In a first form of embodiment, represented in 
figure 1, control device 16, by means of a connection 
21 , is connected to measuring means 22 for measuring 
the evaporator temperature, for example, a thermo-cou- 

15 pNng in cooling circuit 3, at the inlet of evaporator 2 and, 
therefore, between said evaporator 2 and expansion 
valve 7. 

[0052] Although it clearly is preferred to measure the 
evaporator temperature, in a variant, however, the 

20 measuring means 22 for measuring the evaporator tem- 
perature can be replaced by means 22A for measuring 
the evaporation pressure, for example, a pressure 
transmitter with a pressure range from -1 to 12 bar, 
which is provided at the inlet or at the outlet of evapo- 

25 rator 2 and, by means of connection 21 A, is connected 
to the control device, such as represented in dash-dot- 
ted line in figure 1. 

[0053] For a given cooling fluid, there is in fact a rela- 
tion between the evaporation temperature and the evap- 

30 oration pressure of the cooling fluid. The higher the tem- 
perature, the higher the pressure. 
[0054] Furthermore, in both cases the control device 
16, by means of a conduit 23, also is connected with 
means 24 for measuring the ambient temperature, for 

35 example, a temperature sensor, and which transfers this 
temperature into an electrical signal, in particular a cur- 
rent. 

[0055] The functioning of the condensation-dryer is as 
follows: 

40 [0056] Air to be dried is fed through conduit 9 and, 
therefore, through heat exchanger 1, in counterflow to 
the cooling fluid in the evaporator 2 of the cooling circuit 
3. 

[0057] In said heat exchanger 1, the humid air is 
43 cooled, as a result of which condensate is formed which 
is separated in the liquid separator 11 . 
[0058] The cold air, which downstream of said liquid 
separator 11 contains less moisture, however, still has 
a relative humidity of 1 00%, is heated in the recuperative 
so heat exchanger 1 2, as a result of which the relative hu- 
midity is lowered to approximately 50%, whereas the 
fresh air to be dried already is partially cooled in said 
heat exchanger 1 2 before being fed to heat exchanger 
1. 

55 [0059] The air at the outlet of regeneration heat ex- 
changer 12 therefore is drier than at the inlet of heat 
exchanger 1 . 

[0060] In order to avoid freezing of evaporator 2, the 
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air in heat exchanger 1 is not cooled below the LAT at 
low ambient temperatures, which LAT typically is2-3°C. 
[0061] At higher ambient temperature, the LAT may 
be higher, and cooling is performed up to a LAT which 
is considerably, for example, 20°C, lower than ambient 
temperature, however, in any case is not lower than the 
minimum temperature at which the risk of freezing of the 
evaporator may occur and which temperature typically 
is 2-3°C. 

[0062] If the LAT is too high, cooling will not be suffi- 
cient and therefore there will not be sufficient condensed 
moisture in order to have the air sufficiently dried. 
[0063] Said LAT is several degrees, for example, 2 to 
3°C, above the actual evaporator temperature meas- 
ured by measuring means 22. 

[0064] The aforementioned conditions of LAT are ful- 
filled by regulating, by means of control device 16 and 
the frequency transformer 15 controlled thereby, the 
speed of the motor 4 in function of the evaporator tem- 
perature measured by measuring means 22, in one form 
of embodiment, or the evaporator pressure measured 
by measuring means 22A in the other form of embodi- 
ment. 

[0065] The cooling capacity is equal to the mass flow 
rate of cooling fluid circulating in cooling circuit 3, mul- 
tiplied with the enthalpy difference of the air upstream 
and downstream of heat exchanger 1 . By increasing the 
speed of motor 4, compressor 5 can circulate more 
mass and, therefore more power can be delivered with 
one and the same enthalpy difference. The mass flow 
is the volume flow rate of compressor 5, multiplied with 
the density of the cooling fluid in suctioning condition 
which itself depends on evaporator temperature and 
overheating. 

[0066] Control device 1 6 adjusts the measured tem- 
perature or pressure by adapting the speed such that 
said temperature is several degrees lower than said 
LAT, however, higher than 0°C, respectively that the 
evaporator pressure is obtained which coincides with a 
temperature which is several degrees below the LAT 
and, for example, is equal to 1°C, whereby for Freon 
R404a, the evaporator pressure then is approximately 
5,2 bar effectively. 

[0067] In this manner, the cooling capacity is adapted 
to the load. 

[0068] As also the ambient temperature is measured 
by means 24, conlrol device 1 6 coupled thereto can take 
this temperature into account. 

[0069] By means of control device 1 6 and the frequen- 
cy transformer 1 5 controlled thereby, the speed of motor 
4 then is regulated such that, as long as the ambient 
temperature is low, and more particularly is lower than 
23°C, at a dew point interruption set at 20°C, the afore- 
mentioned condition is fulfilled and, thus, the LAT at the 
outlet of the secondary part 1A of heat exchanger 1 is 
approximately 3°C, however, at a higher ambient tem- 
perature, said LAT is set to a certain number of degrees, 
typically 20°C. below the ambient temperature meas- 


ured by means 24. 

[0070] The evaporator temperature has a set point, 
this is a set value to which control device 16 strives to 
bring the actually measured evaporator temperature, 

5 which value is several degrees below the desired LAT. 
[0071] Possibly, a minimum and a maximum set point 
can be determined in control device 16, whereby the 
minimum is 1 °C. When setting the control device 1 6, this 
set point can be adjusted, for example, by means of an 

10 operation panel or by means of an analogous input. 
[0072] The frequency is regulated, for example, be- 
tween 30 and 75 Hz. 

[0073] The maximum load for the cool-drying device 
is relatively small in consideration of the fact that with 

15 higher ambient temperatures, the LAT may be higher 
than 3°C, as a result of which the cooling capacity di- 
minishes and therefore the components may be less ex- 
pensive and cooling fluid is economized. 
[0074] In condensor 6, the gaseous cooling fluid heat- 

20 ed in compressor 5 due to compression is cooled until 
it obtains liquid form, and for dissipating the heat, use 
can be made of a ventilator or cooling water. 
[0075] With excessive pressure in the condensor 6, 
motor 4 is switched off automatically. 

25 [0076] After condensor 6, the liquid cooling fluid pos- 
sibly may be collected in a vessel and/or cooled further 
by means of an additional heat exchanger. 
[0077] By means of expansion valve 7, the liquid cool- 
ing fluid is expanded up to an evaporator pressure, 

30 which, of course, will render a temperature reduction. 
[0078] Expansion valve 7 only regulates the overheat- 
ing in the evaporator 2 and provides for that evaporator 
2 always is utilized in an optimum manner, however, it 
can not be used for controlling pressure or temperature 

35 of the evaporator. 

[0079] By applying a thermostatic expansion valve 7, 
there is always an overheating downstream of evapora- 
tor 2, as a result of which there is no risk of cooling liquid 
in compressor 5, and a liquid separator in cooling circuit 

40 3 becomes redundant and the quantity of cooling fluid 
is restricted. 

[0080] Said overheating is measured by subtracting 
the temperature measured by bulb 14 from the evapo- 
rator temperature measured either upstream of evapo- 

45 rator 2 (internal egalisation) or downstream of the evap- 
orator (external egalisation). Said difference is com- 
pared to a set value by expansion valve 7 and, in case 
of deviation, the expansion valve 7 will correct this by 
opening or closing. 

so [0081] The degree of overheating has an influence on 
the LAT, however, it may be assumed that expansion 
valve 7 keeps said overheating approximately constant. 
[0082] If necessary, this influence of overheating can 
be taken into account by, for example, a kind of master- 

55 slave regulation circuit. The slave regulation circuit is 
the regulation with the control device 1 6 described in the 
aforegoing, whereas the master regulation circuit 
should be able to adjust the set point of the evaporator 
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, pressure or temperature in function of the actual LAT 
and therefore, for example, might reduce the set point 
if the LAT remains too high because the overheating af- 
ter evaporator 2 is too high. 

[0083] Without bypass 1 7, in the regulation circuit de- 
scribed heretofore it may be possible that the adaptation 
of the speed of motor 4 and compressor 5 is not per- 
formed as fast as the dropping of the dew point or, in 
other words, that the speed regulation can not follow the 
temperature alteration in evaporator 2. 
[0084] This problem may occur in the first place under 
the conditions of partial load and zero load of the device. 
[0085] Opening or not of bypass 1 7 in the first place 
is determined by open/closed closing element 1 9, which 
is controlled by control device 1 6. 
[0086] Once open/closed closing element 19 has 
opened bypass 17, it is bypass-closing element 18 
which determines when bypass 17 actually is opened. 
[0087] Said bypass-closing element 1 8 does no long- 
er close off bypass 17 from the moment that the evap- 
oration pressure or evaporator pressure or, in a variant, 
the evaporation temperature at its outlet, this is, thus, in 
bypass 1 7 at the side of the inlet of compressor 5, drops 
below a certain value, as a result of which hot gases 
from compressor 5 can flow through bypass 1 7 and the 
evaporator pressure does not drop further. 
[0088] Said bypass-closing element 1 8 and the set 
pressure whereby the spring no longer keeps this latter 
closed tight, are chosen such that with nominal working 
conditions of the cooling circuit, bypass-closing element 
1 8 is closed, however, with partial and zero load of the 
compressor, said bypass-closing element 18 is open, 
such that the evaporator pressure with an hysteresis of 
0,2 bar is maintained on a minimum, and such that the 
evaporation temperature which is coupled to the evap- 
oration temperature of the cooling fluid, downstream of 
the evaporator is at least 0 P C in order to avoid the for- 
mation of ice in the evaporator The conditions whereby 
the regulation device 1 6 brings the open/closed closing 
element 19 into open position, may vary depending 
whether it is substantially desired to avoid freezing of 
evaporator 2 or preference is given to saving energy. 
[0089] A first manner consists in that control device 
1 6 brings open/closed closing element 1 9 into open po- 
sition, as the speed of motor 5 reaches a minimum. 
[0090] A second manner, which is preferred, consists 
in that control device 16 brings open/closed closing el- 
ement 19 into open position when the value, for exam- 
ple, the evaporator temperature or the evaporation pres- 
sure measured by measuring means 22 or 22A, is lower 
than the set point which is aspired for said value, and 
thus, for example, the evaporator temperature or evap- 
oration pressure, by control device 16 which also regu- 
lates the speed of motor 4. 

[0091] More specifically is the open/closed closing el- 
ement 19 brought into open position when the LAT has 
dropped below the set point with a value of -1 ,5°C, with, 
however, an absolute minimum for the LAT of, for exam- 


ple, 0,5°C : which can occur at partial load or zero load 
conditions of the device. 

[0092] Opening of bypass 1 7 may lead to the LAT ris- 
ing again. When this latter rises above the set point, the 
5 speed of motor 4 again will increase due to control de- 
vice 6. 

[0093] As this speed exceeds a certain value : control 
device 16 can bring open/closed closing element 19 
back into closed position and, therefore, interrupt by- 

10 pass 1 7 again. 

[0094] In another form of embodiment, control device 
16 brings open/closed closing element i9 again into 
closed position when the value, measured by measuring 
means 22 or 22A, is approximately equal to the set point 

15 for this value of said control device 1 6, for example, is 
equal to said set point minus 0,5°C. 
[0095] If said LAT does not rise as bypass 1 7 opens 
completely, control device 16 possibly may switch off 
motor 4 temporarily in order to obtain an additional sav- 

20 jng of energy. 

[0096] Although the evaporator temperature is adjust- 
ed by alteration of the speed, the possibility can be pro- 
vided, for the case that the load is zero, to switch off 
motor 4 completely, for safety, when the LAT at the outlet 

25 of heat exchanger 1 tends to drop below 0°C, for exam- 
ple, by placing a thermostatic sensor into the heat ex- 
changer 1 which, should the temperature in evaporator 
2 become zero degrees, switches off motor 4 and starts 
it again when the temperature has risen to 3°C. 

30 [0097] As a result of the combination of bypass 17, 
provided with bypass-closing element 18 and open/ 
closed closing element 1 9, on one hand, and speed-reg- 
ulated compressor 5, on the other hand, not only the 
number of times that motor 4 is stopped and restarted 

35 is drastically reduced, but also a strongly improved dy- 
namic behaviour is obtained. 

[0098] When, for example, the load of the cool-drying 
device suddenly changes from full load to partial load 
by, for example, a reduction of the compressed air flow 

40 rate, the LAT will drop and the number of revolutions of 
the compressor will diminish due to control device 16 
which strives to maintain the set point. 
[0099] If the number of revolutions of compressor 5 
would not be reduced fast enough, then it is very likely 

45 that the LAT drops below 0°C (undershoot) in the ab- 
sence of bypass 1 7. In that case, compressor 5 will have 
to be switched off in order to avoid the formation of ice 
in evaporator 2, which surely results in heavily varying 
pressure dew points. 

so [0100] However, in the presence of bypass 1 7, when 
the LAT drops below the set point or when the LAT ap- 
proaches the freezing point, the open/closed closing el- 
ement 19 in bypass 17 will be opened, which prevents 
the LAT from dropping below 0°C. 

55 [0101] Another advantage of bypass 1 7 with bypass- 
closing element 1 8 and open/closed closing element 1 9 
in combination with the speed-regulated motor 4 is an 
increase of the load range with a stable pressure dew 
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point towards below. In absence of the bypass, as the 
load of the dryer gradually diminishes, for a certain load 
the speed of the compressor will be minimum. 
[0102] With a further reduction of the load, the LAT 
will drop below the set point and finally drop below 0°C. 
In this case, compressor 5 will have to be switched off 
in order to prevent the formation of ice in the evaporator 
2, which surely will result in heavily varying pressure 
dew points. 

[01 03] When the load of the dryer gradually diminish- 
es, with a certain load the speed of compressor 5 also 
will be minimum in the presence of bypass 17. 
[0104] With a further reduction of the load, the LAT 
will drop below the set point, which opens the open/ 
closed closing element 19 in bypass 17. The set point 
still will be maintained, which results in stable pressure 
dew points. 

[01 05] The dynamic behaviour of the device is clearly 
improved. Due to the controlled open/closed closing el- 
ement 19 in bypass 17, the range of load with stable 
pressure dew point is enlarged towards below. 
[0106] The form of embodiment of the device repre- 
sented in figure 2 substantially differs from the forms of 
embodiment described in the aforegoing in that the 
measuring means 22 provided at cooling circuit 3 for 
measuring the evaporator temperature or the measur- 
ing means 22A for measuring the evaporation pressure 
are replaced by measuring means 25 for measuring the 
lowest air temperature (LAT). 

[0107] Said temperature-measuring means 25 which 
in an embodiment are already present for controlling the 
speed of motor 4, are disposed at conduit 9, either in 
the secondary part 1 A of heat exchanger 1 , f or example, 
at the surface of evaporator 2. or, as represented in fig- 
ure 2, downstream from heat exchanger 1 , for example, 
between said heat exchanger 1 and liquid separator 11 . 
[0108] In this form of embodiment, control device 1 6 
regulates frequency transformer 1 5 and, thus, the speed 
of motor 4 in function of the measured lowest air tem- 
perature LAT. 

[0109] The measurement of the LAT renders the im- 
portant advantage that the temperature of the cooling 
fluid can be lower than 0°C without a freezing-up of the 
evaporator, in other words, before ice is being formed 
at the air side of the evaporator, as this phenomenon is 
determined by the LAT. 

[0110] In consideration of the fact that evaporation is 
possible with low evaporator temperatures, for example 
-5°C, at the side of the cooling fluid, and with large tem- 
perature differences, such as, for example, 8°C (be- 
tween +3°C and -5°C), without the risk of freezing, heat 
exchanger 1 may be realized very compact. 
[01 1 1 ] If the measured lowest air temperature LAT ris- 
es or drops, control device 16 commands the increase, 
diminishing, respectively, of the speed of motor 4, such 
that this measured LAT temperature does not drop be- 
low the LAT at low ambient temperature, which LAT typ- 
ically is 2 to 3°C, in order to guarantee for that evapo- 


rator 2 does not freeze. If the ambient temperature 
measured by thermometer 24 is lower than 23°C, with 
a dew point interruption which is set to 20°C, the meas- 
ured LAT may not drop below, for example, approxi- 
5 mately 3°C in order to guarantee for that evaporator 2 
does not freeze. 

[0112] Thus, due to this regulation the cooling is 
adapted to the load, whereby the evaporator tempera- 
tures at the side of the cooling fluid may become nega- 

10 tive without, however, having evaporator 2 freezing at 
the side of the air. Consequently, not only the energy 
consumption of motor 4 is minimum, but heat exchanger 
1 may be manufac-tured very compact, which also 
means an economization in respect to the price of the 

15 device. 

[0113] Also in this form of embodiment, the overheat- 
ing in evaporator 2 is regulated by expansion valve 7 by 
which the cooling fluid is expanded. 
[0114] The working of bypass 17 is such as above- 

20 described in the form of embodiment according to figure 
1 , in that variant in which opening and closing of open/ 
closed closing element 1 9 is controlled in function of the 
value of the evaporator temperature or evaporation 
pressure measured by measuring means 22 or22A. In 

25 the form of embodiment according to figure 2, open/ 
closed closing element 19, however is controlled in 
function of the value measured by measuring means 25 
instead of measuring means 22 or 22A. 
[01 15] Although the lowest air temperature is adjust- 

30 ed by varying the speed of motor 4, also in this form of 
embodiment the possibility can be provided to switch off 
motor 4 completely in the case of zero load. 
[0116] In a variant of the preceding form of embodi- 
ment, which variant is not represented in the figures, 

35 temperature measuring means 25 for measuring the 
lowest air temperature are replaced by measuring 
means for measuring the dew point of said air. Such 
measuring means or dew point meters are on the market 
and therefore will not be described further. 

40 [0117] Thus, instead of the LAT, at the same place the 
dew point of the air is measured. The working is analo- 
gous to the working described heretofore, whereby thus 
the speed of motor 4 is regulated in such a manner that 
cooling in heat exchanger 1 is optimum, but freezing of 

45 evaporator 2 is avoided. 

[0118] The form of embodiment of the device for cool- 
drying represented in figure 3 differs from the device ac- 
cording to figure 2, device described in the aforegoing, 
in that the extremity of bypass 17 which connects to 

so cooling circuit 3 at the inlet side of compressor 5 is not 
connected to this cooling circuit 3 in between the com- 
pressor 5 and the outlet of evaporator 2, but at the inlet 
of evaporator 2. 

[0119] Further, the functioning is as described here- 
55 tofore. Open/closed closing element 19 does not nec- 
essarily have to be controlled by the same control device 
1 6 as motor 5, but may be controlled by a separate con- 
trol device, for example, a P, PI or PID controller. 
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[0120] In the form of embodiment represented in fig- 
ure 4, open/closed closing element 19 even is not con- 
trolled by such control device, but by a thermostat 27, 
the sensor of which or, in other words, the temperature 
measuring means in conduit 9, is provided at the outlet 
of heat exchanger 1 and, in the represented example, 
corresponds to temperature measuring means 25 con- 
nected to control device 16. 

[0121] Thermostat 27 further comprises a connection 
28 connecting said sensor 25, by means of a thermos- 
witch 29, to open/closed closing element 1 9. 
[0122] When the temperature of the compressed air 
in conduit 9 at the outlet of heat exchanger 1 drops be- 
low a certain value, for example, drops below the set 
point of control device 16, thermoswitch 29 will be 
closed and open/closed closing element 1 9 will be ac- 
tuated and therefore switch into open position . The func- 
tioning of bypass-closing element 18 and the control of 
motor 4 remain such as described above. 
[0123] The invention is in no way limited to the forms 
of embodiment described in the aforegoing and repre- 
sented in the accompanying drawings, on the contrary 
may such method and device for cool-drying be realized 
in different variants without leaving the scope of the in- 
vention. 

[0124] In particular, instead of a control device 1 6, the 
control device may comprise another control device, for 
example, a P ID, PI or P controller. 
[0125] Although it is preferred to take the ambient 
temperature into account for, amongst others, restricting 
the power of the device, in a more simple embodiment 
the adjustment of the speed of motor 4 may be per- 
formed exclusively in function of the evaporator temper- 
ature, the evaporator pressure, the lowest gas temper- 
ature or the dew point of the gas. 
[0126] Instead of humid air, gas other than air com- 
prising water vapour may be dried in the same manner 
and with the same device. In such case, the LAT is the 
lowest gas temperature. 


Claims 

1 . Device for cool-drying, comprising a heat exchang- 
er (1), the primary part of which is the evaporator 
(2) of a cooling circuit (3) which further comprises 
a compressor (5) driven by an electric motor (4), a 
condensor (6), an expansion means (7) between 
the outlet of the condensor (6) and the inlet of the 
evaporator (2), a control device (16) for controlling 
said motor (4), and measuring means coupled 
thereto, whereby the compressor (5) is bridged- 
over by means of a bypass (17) with therein a by- 
pass-closing element (1 8) and an open/closed clos- 
- ing element (19), whereas the secondary part (1 A) 
of the heat exchanger (1 ) forms part of a conduit (9) 
for the gas and, at the outlet of this heat exchanger 
(1), a liquid separator (11) is disposed in said con- 


duit (9), characterized in that the device for cool- 
drying comprises means (15) for regulating the 
speed of the motor (4), whereas the control device 
(1 6) controls these means (15) in function of the val- 
5 ue measured by the measuring means (22.22A). 

2. Device according to claim 1 . characterized in that 
the measuring means (22) are provided at the cool- 
ing circuit (3) and that they are means for measuring 

10 the evaporator temperature. 

3. Device according to claim 1 , characterized in that 
the measuring means (22A) are provided at the 
cooling circuit (3) and that they are means for meas- 

15 uring the evaporation pressure. 

4. Device according to claim 1 , characterized in that 
the measuring means (25) are provided at the con- 
duit (9) for the gas, in, or downstream of, the sec- 

20 ondary part (1 A) of the heat exchanger (1 ) and that 
they are means for measuring the lowest gas tem- 
perature {LAT). 

5. Device according to claim 1 , characterized in that 
25 the measuring means are provided at the conduit 

(9) for the gas, in, or downstream of, the secondary 
part ( 1 A) of the heat exchanger ( 1 ) and that they are 
means for measuring the dew point. 

30 6. Device according to any of the preceding claims, 
characterized in that the means for regulating the 
speed of the motor (4) consist of a frequency trans- 
former (15). 

35 7. Device according to any of the preceding claims, 
characterized in that it comprises means (24) for 
measuring the ambient temperature, which means 
are also coupled to the control device (16), and that 
said control device (1 6) is such that it regulates the 

40 speed of the motor (4) in function of the value meas- 
ured by the measuring means (22, 22A or 25) as 
well as in function of the temperature measured by 
the means (24) for measuring the ambient temper- 
ature. 

45 

8. Device according to any of the preceding claims, 
characterized in that the control device (1 6) is a PID 
controller, a PI controller or a P controller. 

so 9. Device according to any of the preceding claims, 
characterized in that the bypass-closing element 
(18) is of the type which opens when the pressure 
in the bypass (1 7), at the side of the inlet of the com- 
pressor (5), drops below a certain value. 

55 

10. Device according to any of the claims 1 to 8, char- 
acterized in that the bypass -closing element (18) is 
of the type which opens when the temperature in 
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the bypass (1 7), at the side of the inlet of the com- 
pressor (5), drops below a certain value. 

11. Device according to any of the preceding claims, 
characterized in that the open/closed closing ele- 
ment (19) is connected to the control device (16) 
which also controls motor (4). 

12. Device according to any of the claims 1 to 10, char- 
acterized in that the open/closed closing element 
(1 9) is connected to a thermostat (27), the sensor 
(25) of which is disposed in the conduit (9) at the 
outlet of heat exchanger (1). 

13. Method for cool-drying of gas containing water va- 
pour, whereby this gas is fed through the secondary 
part (1A) of a heat exchanger (1), the primary part 
of which is the evaporator (2) of a cooling circuit (3) 
which also comprises a compressor (5) which is 
bridged-over by a bypass (17) wherein a bypass- 
closing element (18) and a controlled open/closed 
closing element (1 9) are provided and which is driv- 
en by an electric motor (4), a condensor (6), an ex- 
pansions means (7) between the outlet of the con- 
densor (6) and the inlet of the evaporator (2), and 
whereby the aforementioned cooling circuit (3) is 
controlled in function of the load in such a manner 
that the cooling capacity is adapted without creating 
the formation of ice in the evaporator (2), and which 
is characterized in that the control of the cooling cir- 
cuit (3) takes place by regulating the speed of the 
motor (4) and, moreover, by regulating the open/ 
closed closing element (19) such that, under certain 
conditions, it opens the bypass (1 7) and, as the by- 
pass-closing element (18) also does not close off 
the bypass (17) any more, gaseous cooling fluid is 
conducted from the outlet of the compressor (5) 
back to its inlet, before or after the evaporator (2). 

14. Method according to claim 1 3, characterized in that 
the evaporator temperature is measured and that 
the aforementioned cooling circuit (3) is controlled 
in function of the measured evaporator tempera- 
ture. 

1 5. Method according to claim 1 4, characterized in that 
the speed of the motor (4) is regulated such that the 
evaporator temperature is a few degrees, for exam- 
ple, 2 to 3°C, below the lowest gas temperature 
(LAT), whereby this LAT is maintained at an air tem- 
perature whereby freezing does not take place, 
namely, typically approximately 3°C. 

16. Method according to claim 1 3, characterized in that 
the evaporation pressure is measured and that said 
cooling circuit (3) is controlled in function of the 
measured evaporator pressure. 


10 


15 


17. Method according to claim 13, characterized in that 
the lowest gas temperature (LAT) is measured and 
that said cooling circuit (3) is controlled in function 
of this lowest gas temperature (LAT). 

18. Method according to claim 17, characterized in that 
the lowest gas temperature (LAT) is measured at 
the outlet of the secondary part ( 1 A) of the heat ex- 
changer (1). 

19. Method according to claim 13, characterized in that 
the dew point of the gas is measured and that the 
aforementioned cooling circuit (3) is controlled in 
function of said dew point. 


20. Method according to any of the claims 13 to 19, 
characterized in that the cooling circuit (3) is con- 
trolled such that the temperature of the evaporator 
(2) at the side of the cooling fluid becomes negative 

20 without the evaporator (2) freezing at the air side. 

21. Method according to any one of claims 13 to 20, 
characterized in that the speed of the motor (4) is 
regulated by altering the frequency of the supplied 

25 power. 

22. Method according to any one of claims 13 to 21 , 
characterized in that the ambient temperature is 
measured and the speed of the motor (4) is regu- 

30 lated, thereby taking into account the measured 
ambient temperature. 

23. Method according to claim 22, characterized in that 
the speed of the motor (4) of the compressor (5) is 

35 regulated in such a manner that the lowest gas tem- 
perature (LAT) at the outlet of the evaporator (2) 
with a value which, for example, is 20°C, is main- 
tained lower than the measured ambient tempera- 
ture, without, however, being lower than the mini- 

40 mum temperature at which the risk of freezing of the 
evaporator (2) may be created, which minimum 
temperature typically is 2 to 3°C. 

24. Method according to any of the claims 13 to 23, 
45 characterized in that upstream of evaporator (2), 

the cooling medium is expanded by means of an 
expansion valve (7) and the overheating after the 
evaporator (2) is measured and is compared to a 
predetermined value, whereby, in case of a devia- 
50 tion, the expansion valve (7) corrects this latter by 
opening or closing. 

25. Method according to any of the claims 13 to 24, 
characterized in that the gas to be dried is heated 

55 after the heat exchanger (1 ) and the liquid separator 
(11) in a recuperative heat exchanger (12) by 
means of the gas to be dried which is supplied to 
the first heat exchanger (1). 
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26. Method according to any of the claims 13 to 25, 
characterized in. that the bypass-closing element 
(1 8) is adjusted such that it does no longer close off 
the bypass (17) as the evaporation pressure or 
evaporator pressure or, in a variant, the evaporation 5 
temperature, at its outlet, i.e. in the bypass (17) at 
the side of the inlet of the compressor (5), drops be- 
low a certain value. 


value, for example, is equal to this set point minus 
0,5°C. 

33. Method according to any of the claims 13 to 27, 
characterized in that the opening and closing of the 
open/closed closing element (19) is controlled in 
function of the LAT measured in the conduit (9) at 
the outlet of the heat exchanger (1). 


27. Method according to any of the claims 13 to 26, 
characterized in that the bypass-closing element 
(1 8) and the adjusted pressure whereby it opens the 
bypass (1 7) is chosen such that with nominal oper- 
ating conditions of the cooling circuit (3), the by- 
pass-closing element (18) is closed, however, with 
a partial and zero load of the compressor (5), said 
bypass-closing element (1 8) is open, such that the 
evaporator pressure with a certain hysteresis is 
maintained on a minimum and such that the evap- 
oration temperature, which is coupled to the evap- 
oration pressure of the cooling fluid, downstream of 
the evaporator (2) is at least 2°C in order to avoid 
the formation of ice in the evaporator (2). 


10 34. Method according to any of the claims 13 to 33, 
characterized in that, if the value measured by the 
measuring means (22, 22A or 25) does not increase 
during the complete opening of the bypass (1 7) , the 
control device (1 6) temporarily switches off the mo- 

15 tor (4). 


20 


28. Method according to any of the claims 13 to 27, 25 
characterized in that the control device (16) brings 

the open/closed closing element (19) into open po- 
sition as the speed of the motor (4) reaches a min- 
imum. 

30 

29. Method according to any of the claims 13 to 27, 
characterized in that the control device (16) brings 
the open/closed closing element (19) into open po- 
sition when the value measured by measuring 
means (22, 22A or 25) is lower than the set point 35 
for these values of the control device (16) which reg- 
ulates thespeed of themotor (4) by the means (15). 


30. Method according to claim 29, characterized in that 

the open/closed closing element (1 9) is brought into *o 
open position when the LAT has dropped under the 
set point with, for example, -1 ,5°C, with, however, 
an absolute minimum for the LAT of, for example, 
0,5°C. 

45 

31. Method according to any of the claims 28 to 30, 
characterized in that the control device (16) brings 
the open/closed closing element (19) back into 
closed position and therefore again interrupts the 
bypass (17) when the speed of the motor (4) ex- so 
ceeds a certain value. 


32. Method according to any of the claims 28 to 30, 
characterized in that the open/closed closing ele- 
ment (1 9) is brought back into closing position when 55 
the value measured by the measuring means (22, 
22A or 25) in the conduit (9) is approximately equal 
to the set point of said control device (16) for this 
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